layer is carried out using reactive ion etching (RIE) with metal masks patterned by standard photo-lithographic techniques. After removal of the metal mask, the top cladding is applied. The component is diced out of the wafer yielding a die that is only 64mm long and 14mm wide. The loss associated with the butt coupling of optical fibres to the waveguide endfaces is a few tenths of a decibel. The fabrication process results in channel waveguides with propagation losses <0.6dB/cm.
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A polymeric, optical fibre compatible, 8x8 phased array wavelength multiplexer with 400GHz (3.2nm) channel spacing. has been designed and realised for operation in the 1550nm erbium doped fibre amplifier (EDFA) window. By using bending radii as small as 20mm, the device measures only 64x4 mm. The fibre lo fibre insertion loss in the passbands varies between 6.6 and 8.0dB and the crosstalk is -25dB.
Introduction: Wavelength division multiplexing (WDM) has become the preferred technology for further increasing the capacity of the optical fibre telecommunication infrastructure. Phased array wavelength multiplexers [I] are drawing a lot of attention recently because their properties are such that practical applications are feasible. Polymeric phased arrays offer the potential of optical fibre compatibility combined with low cost and large substrate sise fabrication. The latter can be used for the integration of phased arrays with switches leading to optical addidrop multiplexers (ADMs) with the capability of individual routing of the different wavelength channels. A 16 channel ADM, consisting of three phased array multiplexers connected by 16 interferometric thennooptic switches, has been recently fabricated [2] . A further advantage of using polymers for such an ADM is the possibility of using digital (mode sorting) thermo-optic switches that are polarisation and wavelength independent and easy to control [3] .
A polymeric phased array wavelength multiplexer with good performance in the 1300nm window has already been reported earlier [4] . This Letter describes a polymeric device that can operate in the EDFA window around 1550nm. Low loss polymers at 1550iun (and 1300nni), fibre compatible waveguides and a compact design, have been applied to achieve low insertion loss. The polymers that are used were specially synthesised for low absorption loss in both windows. Their refractive indices can be tuned accurately within a range of 0.03 by changing the polymer composition; in addition, the channel waveguide sise can be chosen freely allowing for the design and realisation of channel waveguides with modesises that closely match those of optical fibres [5] . Since phased array multiplexers contain many waveguide bends, special attention was given in the design to the minimisation of the bending radii in order to keep the device length as short as possible.
Design:
The multiplexer has been designed for fibre compatibility by using monomodal waveguides with a core sise of 6 x 6pm. The core refractive index of 1.52 is 0.006 higher than the cladding index. The device consists of a dispersive array of 54 waveguides connected to eight input and eight output channel waveguides via two slab waveguide sections. The bent radii are kept down to 20 mm. The diffraction length in the slab waveguides is 1700pm. The free spectral range of the design is 3 1 nm and the device operates in the 50th order. The output (and input) waveguides are at a pitch of 1 8 p resulting in a channel spacing of 400GHz (3.2nm).
The central wavelength is 1550nm.
The device has a theoretical central wavelength loss of -2dB owing to the coupling loss a t the transition from the planar waveguide sections to the array waveguides that are at a pitch of IOW. The outer channels will have an additional diffraction loss of -2dB. Owing to the use of square waveguides the multiplexer will be polarisation independent if material birefringence is absent. The input/output waveguides of the device are fanned out to a pitch of 2 5 0~ to allow direct coupling to fibre ribbons.
Fabrication:
The device has been fabricated on a 4 in silicon wafer and is based on the BeamBoxTM planar polymer waveguide technology process developed at Akzo Nobel Photonics [5] . Multiple polymer layers (bottom cladding and core) are applied using spincoating techniques. The planar waveguide loss is <0.1dB/cm at 1310nm and at 1565nm. Channel waveguide formation in the core Evctluation: In Fig. 1 , the transmission of all eight outputs are shown against wavelength in the 1550nm window, as measured with TE polarised light injected into the device. The insertion loss of the device in the passbands varies between 6.6 and 8.0dB, of which 4dB can be attributed to waveguide propagation loss and fibre coupling loss, 1.5dB to bending loss and 2.5dB to phased array losses. The background crosstalk level is at -25dB. The device was not polarisation independent, indicating that birefringence is present in the material. At room temperature a TE-TM shift of -2.5nm was observed. The small shoulders on the left flanks of the passbands in Fig. 1 can be attributed to residual TM polarised light. When the device was operated at elevated temperature, the splitting decreased. This leads to the conclusion that the birefringence originates from stresses that are induced in the polymeric layers by thermal processing steps in combination with the widely different thermal expansion coefficients of the polymer and the silicon substrate. Work is in progress to eliminate this effect. the contrast of 0.006 can be attributed to core widths in the device that are smaller than designed owing to mask undercutting. The measured fibre to fibre loss of straight channels and Ubends with a radius of 50mm are almost equal, and they are consistent with a fibre coupling loss of 0.7dB and a propagation loss of 0.6dBicm. In the phased array, radii of 20mm are used. The Ubends with this radius show somewhat higher losses of -1.5dB/ 90". This will contribute 1.5dB to the measured insertion loss of the phased array. By using a slightly higher index contrast, the insertion loss of the device will be reduced to 6dB.
Conclusion.
A polymeric 8x8 phased array wavelength multiplexer for applications in the EDFA window around 1550nm has been demonstrated. The channel spacing is 400GHz (3.2nm). The insertion loss is 6.6-8.0dB and the crosstalk -25dB. The device measures 64x14mm, including access waveguides fanned out to 2 5 0~. Simultaneous independent temperature and strain measurement using in-fibre Bragg grating sensors S.W. James, M.L. Dockney and R.P. Tatam
Indexing terms: Gratings in fibres, Optical sensors
A new technique for the simultaneous, independent measurenient of temperature and strain using in-fibre Bragg grating sensors is proposed and demonstrated. Two Brdgg gratings with closely spaced centre wavelengths are written either side of a splice between two fibres of different diameter. The gratings show similar temperature sensitivities but different strain responses to an applied stress. Maximum errors of f17 p& and f l " are reported over 2 5 0 0~ and 120°C rrieasuremerit ranges. (1) where G, = &,/da, is a material parameter related to the Poisson ratio, photoelastic constant iind effective refractive index, and K, = JhJdT, is rebated to the thermal expansion and thermo-optic coefficients. For a given loadl, the strains experienced by the fibres will be related by where A, is the cross-sectional area of the fibre. It can be shown that the relationship between the wavelength shifts and the total strain experienced by the grating pair may be expressed in matrix form as where I, and l2 represent the llengths of fibre between the splice and the anchoring points B and (7, and A& is the total strain between B and C, No. 12 
